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Natural capital accounting requires exchange rather than welfare values, but lack of data
and standards have encouraged practitioners to use different approaches (e.g. simple
lookup table vs spatial modeling approaches). In this paper, we demonstrate how choice
modeling data can provide simulated exchange values which are more robust than simple
(fast track) valuation approaches for natural capital accounting. A survey of East of
England residents collected the preferences for saltmarsh management and simulated
exchange values, coherently linked with the ecosystem conditions. This approach is more
informative for environmental local planning purposes. We claim that expanding the set
of tools available for natural capital accounting can enhance management of ecosystem
services and policy decision making.
Keywords: natural capital accounting; choice experiment; simulated exchange
value; local environmental policy; saltmarsh management
1. Introduction
The UK Natural Capital Committee defines natural capital as the “part of nature which
directly or indirectly underpins value to people, including ecosystems, species, fresh-
water, soils, minerals, the air, and oceans, as well as natural processes and functions.
In combination with other types of capital, natural capital forms part of our wealth;
that is, our ability to produce actual or potential goods and services into the future to
support our wellbeing” (Natural Capital Committee 2019, 3). In other words, natural
capital can be seen as the economy’s endowment of natural resources providing eco-
system services for human wellbeing (Barbier 2019).
In the last two decades, natural capital and ecosystem services have become
increasingly recognized in policy circles (MEA 2005; TEEB 2010; UK NEA 2011,
2014) as significant contributors to national wealth and individual wellbeing. This con-
tribution requires augmentation through combination with other forms of capital stocks
and flows such as financial, manufactured, social and human (Barbier 2019; Mace
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2019). This representation of the environment as a form of capital is appealing from a
policy perspective because it fosters the management, valuation and accounting of nat-
ural capital in line with the treatment of other forms of capital (Milligan et al. 2014).
Natural capital and ecosystem services accounting (NCA) has therefore emerged as
a valuable tool to analyze natural capital and trace contributions to the productive sys-
tem over time and space. Indeed, NCA provides a comprehensive and integrated
framework for structuring information on ecosystems condition and use, and directly
links it to the System of National Accounts (SNA) (Edens and Hein 2013; Obst and
Vardon 2014; Hein et al. 2015; Obst, Hein, and Edens 2016). In this way, the contri-
bution of nature to wealth and economic productivity, which is only partially recorded
in SNA, can be made more explicit and tradeoffs can be better understood (Obst,
Hein, and Edens 2016). Therefore, NCA frameworks have been proposed during the
last decade, and argued to be effective and efficient in informing environmental policy
and management (Guerry et al. 2015; Vardon, Burnett, and Dovers 2016; Vardon
et al. 2017, Ruijs and van Egmond 2017; Virto, Weber, and Jeantil 2018).
Frameworks such as the System of Environmental-Economic Accounting (UN et al.
2014a, 2014b) are increasingly used in practical applications at national (e.g. EC,
FAO, and OECD 2014; EC 2016; ONS 2019; Obst and Vardon 2017; Smith 2014),
local (e.g. ABS 2017; Clark 2017; Dvarskas 2019) and business level (NCC 2016).
Nevertheless, the inclusion of NCA in real world policy decision making remains
limited, complex and overlooked (Ruijs and van Egmond 2017; Virto, Weber, and
Jeantil 2018). The debate around the development of a set of internationally shared
NCA rules and frameworks has become mired in technical issues (in particular, the
extent to which exchange values can encompass the diversity of ecosystem service bene-
fits) and has lost track of the potential policy use benefit. As Vardon, Burnett, and
Dovers (2016) have argued, the “accounting push” has not been matched by a “policy
pull”. NCA is perceived in isolation from other policy tools and not integrated in wider
government action (Guerry et al. 2015). In addition, data limitation and proliferation of
different experimentations of the international frameworks (e.g. the valuation methods
employed) undermine the robustness and the credibility of the accounts, decreasing their
uptake in real world policy decisions (Virto, Weber, and Jeantil 2018; Vardon, Burnett,
and Dovers 2016; Schaefer et al. 2015; Turner, Badura, and Ferrini 2019a).
This is particularly true at the local government level, where many environmental
management decisions overlook the complex interrelationships between nature, society and
economy. An improved NCA system could facilitate local decision-making and jointly
promote the three pillars of sustainable development. At the same time, the lack of data
and the use of quick valuation strategies, i.e. fast track approaches, can obscure the causal
nexus between natural assets, ecosystem services provision and economic values.
The objective of this paper is to consider how ecosystem services provided by a
saltmarsh area could be included in an NCA framework using fast track strategies (e.g.
using country-wide secondary information for local level applications) and contrast
this with simulated exchange value results derived from a primary choice valuation
study. In particular, the simulated exchange value approach is proposed as a valuable
and more informative alternative to fast track strategies in accounting for cultural eco-
system services at the local level and in line with the ecosystem conditions. We argue
that observational data and valuation methods based on biophysical information can
help to improve the reliability of NCA. In turn, increased robustness and sound meth-
odological approaches would provide policy makers with more stable and solid
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evidence for decision making, particularly at the local government level. This would
also inform the technical discussion around the use of valuation methods and the scal-
ability of economic values in NCA.
2. Natural capital accounts and the policy needs
The ability of NCA to support policy and decision making has been widely advocated
in terms of producing a more comprehensive and inclusive measure of wealth (Guerry
et al. 2015; Obst 2015; Hein et al. 2015). The NCA is organized in physical and mon-
etary accounts that identify the contribution of nature to production systems (Obst and
Vardon 2014; Edens and Hein 2013). From a policy perspective, the NCA formally
records and monitors the link between the environment and the economy. NCA is seen
as a relevant additional tool for informing sustainable development as it can i) spot-
light the costs of natural capital depletion and degradation, ii) measure ecosystem con-
ditions and functions, iii) help to target environmental policies toward sensitive natural
resources (Hein et al. 2015; M€aler, Aniyar, and Jansson 2008). The alignment of con-
cepts and measurements with the SNA allows NCA to be potentially used as an oper-
ational tool for setting policy objectives and monitoring results (Dalmazzone and La
Notte 2013). Moreover, because of the spatially explicit approach taken, NCA could
play a significant role in local level environmental management: for example, in
informing land use planning, in characterizing opportunity costs and tradeoffs between
projects and investments, in designing compensation mechanisms and payment for eco-
system services schemes (Hein et al. 2015). Ultimately, the integrated, comprehensive,
and detailed information encompassed by the NCA can help reduce the uncertainty in
policy decision making, the asymmetry between economic and environmental consider-
ations and the tensions between different sectoral policies (Vardon et al. 2018; Guerry
et al. 2015).
However, Virto, Weber, and Jeantil (2018) found that the actual use of NCA in
real world policy and decision making is very limited. The European Commission sup-
ports the KIP-INCA initiative to promote the experimental natural capital accounting
strategies (EC 2016; Badura et al. 2017), but policy applications of accounting results
are still limited. According to Ruijs and van Egmond (2017) and Mckenzie et al.
(2014), one of the main reasons for this is the lack of understanding on how NCA can
inform the policy decision-making process, fueled by the lack of solid and fully devel-
oped accounts available for policy exploitation.
The lack of demand from policy decision makers may initially be best tackled at
the local scale of ecosystems, basins, catchment areas, marine planning areas, provin-
ces or urban agglomerates. At this granular level, the biophysical, economic and social
changes can be easily perceived by local decision makers and adopting a consistent
instrument to identify tradeoffs can promote policy demand for NCA. Ultimately,
many environmental and natural resource policies are designed, implemented and
monitored at local levels rather than centrally (Dalmazzone and La Notte 2013).
Natural capital conditions, ecosystem services provision and valuation are highly con-
text dependent (Fisher, Turner, and Morling 2009; Petersen and Gocheva 2015) so a
broader uptake of NCA for informing land use and regional scale environmental and
economic management decisions would be key. But the adoption of NCA at this level
requires solid evidence stemming from coherent and robust methodologies. While it is
the case that the low policy uptake of NCA can be generally attributed to structural,
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institutional, and political obstacles (Virto, Weber, and Jeantil 2018), three other inter-
twined elements particularly undermine the policy perception of credibility, robustness
and trustworthiness of NCA applications at the local scale.
The first element relates to data limitations. The collection, arrangement and avail-
ability of data is key to evidence-based public policy (Head 2010). The compilation of
national scale NCA benefits from the availability of data collected for other purposes
(e.g. environmental indicators, sectoral input-output analysis, land use maps, etc.) and
the higher level of aggregation needed (Hecht 2000). In the case of local level NCA,
granular data are often unavailable or only sporadically collected. This limitation has
direct effects on increasing the uncertainty of information and the failure to record and
account for several elements of NCA (e.g. not including the whole set of services, not
recording ecosystem conditions, etc.). The secondary data employed to circumvent this
issue often require many assumptions to match specific local applications and to secure
the transferability of data. In practice, this might result in information and the esti-
mated values that do not reflect local ecosystem characteristics, and the nexus between
environmental condition, services and values is lost.
Closely related to the previous point is the difference in valuation approaches used.
The SEEA guidelines are clear in requiring that only exchange-type values are accept-
able when compiling NCA in order to ensure integration with SNA. Much has been
written about the use of exchange and welfare values for accounting purposes and dis-
cussions are ongoing (e.g. Obst, Hein, and Edens 2016; Turner, Badura, and Ferrini
2019a). What is important to consider here is the way exchange value can be applied
when non-monetary transactions are involved at a local scale. The restriction over
usable methods, the lack of clear guidelines for local level NCA and the discussed data
limitations imply that a wide range of different valuation techniques and information is
employed to account for the same services in different empirical applications. This fast
track approach risks undermining a crucial element of NCA that is consideration of spe-
cific links between biophysical conditions and estimated monetary values, for example
by using country-wide exchange values for local level ecosystem services. In contrast,
the use of more sophisticated and case-sensitive methods which are coherent with NCA
frameworks, such as the simulated exchange value approach would help to i) account
for a wider set of values and services, therefore improving the local NCA quality, ii)
better mirror local environmental conditions and characteristics, and iii) better capture
local communities’ connections to and preferences for environmental management.
Finally, the discussion so far has drawn attention to an important aspect of devel-
oping local level NCA, namely the scalability issue. NCA frameworks have been
designed for application at a national level, the most notable example being the SEEA.
It is more challenging to apply at the level of ecosystems, basins, catchment areas,
marine planning areas, provinces or urban agglomerates (Hein et al. 2015).
Nonetheless, consistency across geographical scales should be maintained to allow for
integration with SNA. The use of fast track approaches does not help because they
risk compromising the consistency of information and methods used, reducing the scal-
ability and aggregation of locally developed NCA.
3. Materials and methods
The case study concerns a practical policy application within the context of the Marine
Pioneer programme, a UK wide pilot project aimed at informing the delivery of the
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Government’s 25 Years Environmental Plan (Defra 2018). Among the other objectives,
the programme called for empirical investigation of the suitability of using a natural cap-
ital approach. In particular, the present study makes use of observational data from a
choice experiment (CE) developed to gather public preferences for the recreational use
of the Deben Estuary saltmarsh in Suffolk, to feed into local environmental planning.
3.1. Study area: the Deben Estuary
The Deben Estuary is located on the Suffolk coast. It is an important ecosystem that
supports approximately 40% of Suffolk’s area of saltmarsh (Natural England 1991).
As summarized in Table 1, several valuable benefits to humans in terms of ecosystems
services are associated with saltmarsh areas. These include protection from storms and
sea level rise, reduction of risks associated with flooding, sequestration and storage of
carbon, provision of recreation opportunities and amenity benefits, and maintenance of
biodiversity through provision of nutrients and critical habitat (Jones et al. 2011;
Barbier et al. 2011).
Ecosystem services and benefits of particular relevance in the Deben Estuary salt-
marsh are biodiversity maintenance and recreational benefits. Indeed, the area contains
multiple environmental designations, is a sanctuary for wintering birds, and represents
an attraction for locals and tourists, receiving approximately 160,000 visitors per year
with a turnover of roughly £30m per year. Due to the large area covered by the salt-
marsh, carbon sequestration and storage and natural sea and flood defence can also be
considered as highly relevant ecosystem services and benefits in the Deben. However,
similar to other coastal and estuarine ecosystems, the Deben saltmarsh is currently
under a number of anthropogenic and natural pressures causing ecosystem loss and
degradation. The total saltmarsh area was estimated to be between 175 ha (JNCC
2016) and 230 ha (EA 2011). Earlier reports claimed that the Deben Estuary saltmarsh
reduced in size by 22.8% between 1971 and 1998 (Cooper and Cooper 2000), with
further losses in extent observed between 2000 and 2007 (Boyes and Thomson 2010).
Coastal squeeze is considered to be the dominant threat to saltmarsh habitats within
Table 1. Ecosystem services and benefits to human wellbeing from saltmarsh areas.
Service group Final ecosystem services Benefits
Provisioning Raw materials and food Agricultural production
(cattle and sheep) Wild food
Regulating Climate regulation Carbon sequestration
Hazard regulation Sea and flood defence
Erosion control
Waste breakdown Immobilisation of pollutants
Water purification Surface water filtration
Species diversity Fish nursery grounds
Birds’ breeding, over-wintering,
and feeding grounds
Cultural Recreation and tourism Walking, birdwatching, cycling,
recreational fishing, sailing, etc.
Cultural and spiritual Sense of place, heritage sites,
clocal cultural significance
Education and knowledge Formal and informal learning, research
Aesthetic and inspirational
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the Estuary, leading to increased rates of erosion along its seaward boundary and frag-
mentation of the marsh interior (Reid 2013). For this reason, several management
options have been proposed from small-scale restorations to wider managed realign-
ment schemes.
3.2. Fast track approaches
The objective of NCA use in local areas is to assess the contribution of ecosystem
services to local economy and wellbeing and facilitate planning and restoration actions.
Fast track approaches rely on secondary data availability to measure the main ecosys-
tem services. In the case of the recreational value for coastal and marine ecosystems,
secondary data feeding into fast track NCA approaches are commonly the number of
visits and proxies of the costs of visiting coastal and marine sites for recreation pur-
poses. Results are then usually reported in terms of value per visit or per hectare.
Considering only applications developed in the United Kingdom, several examples
can be found. At the national level, the Office for National Statistics uses a simplified
travel cost method (ONS 2016, 2019; Ricardo Energy and Environment 2016). The
method estimates the monetary amount that a person is willing to spend to visit the
natural environment (costs on travel, parking and admission), and derives an aggregate
value for recreation services through the total number of visits. A slightly different
version (Ricardo Energy and Environment 2016) includes an estimation of the value of
time taken to travel to the natural environment. The method was originally devised for
use on the Monitor of Engagement with the Natural Environment (MENE) Survey
(Natural England 2019). Similarly, Thornton et al. (2019) estimate a travel cost func-
tion specifically for local coastal areas. This methodology is consistent with accounting
principles as it draws on a market-based proxy; however the method underestimates
and overlooks the crucial biophysical features of coastal areas. Moreover, if a fast
track NCA was to be developed for the Deben Estuary, the use of these values would
be suspect as they use national scale information and aggregate across different habi-
tats. Another approach employed in accounting for recreational services provided by
coastal and marine habitats is found in White et al. (2015) and Eftec (2015). The
accounting values are derived from a meta-analysis developed by Sen et al. (2014).
The same values are also employed in developing NCA for the national natural
reserves (Sunderland et al. 2019). The aggregate value is calculated by using the num-
ber of visits to natural reserves. The method is also used for NCA of natural reserves
by the Royal Society for the Protection of Birds (RSPB 2017). Whilst the methodology
in Sen et al. (2014) is more robust than the simple travel cost approach, the figures
obtained are welfare-type values therefore in principle not consistent with NCA.
Moreover, as for the simple travel cost, the method aggregates different habitats types
and diverse valuation information and therefore cannot capture specific features typical
in local level applications.
Compilation of NCA at a local level for saltmarshes, and in general coastal and
marine ecosystems, are scant. Clark (2017) tests the development of NCAs for selected
natural reserves in England, including the Bure marshes in the East of England, by
averaging admission fees charged in a small set of other managed reserves. In another
application, the Environmental Agency (2018) reports the estimation of recreational
benefits for the Oare Marshes. The accounting-type value employed is derived from
the Multi-colored Handbook for economic appraisal (EA 2013).
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Finally, it is worth noting that accounting methods for cultural and recreational
services are subject to continuing improvement, with particular attention being paid to
the need for consistency with NCA requirements and scalability at the local level, but
further work is still required (Eftec, SQW, CEH, and ABPmer 2019).
3.3. Choice experiment and simulated exchange value
The approach we propose in this paper is based on observational data from a CE used
to simulate an accounting consistent value for recreational services of the Deben estu-
ary saltmarsh. The CE survey was administered online between January and March
2019 to a representative stratified sample of residents in the East of England (Essex,
Suffolk, Norfolk, and Peterborough areas). The final sample consisted of 417 complete
and usable questionnaires. The CE (Champ, Boyle, and Brown 2017; Bateman et al.
2003), which represented the bulk of the questionnaire, was developed specifically
with the aim of testing the use of estimates within an NCA framework. Therefore, par-
ticular attention was devoted to the selection and definition of attributes and levels. In
particular, the aim was to explicitly capture the linkage between changes in biophysical
characteristics, direct use of the saltmarsh and valuation estimates. Attributes and lev-
els used in the CE are summarized in Table 2.
The area of new saltmarsh and the number of bird species convey information on
the condition of the saltmarsh and the provision of recreational services. The distance
from respondents’ residence area and the possibility to access the saltmarsh character-
ize the use of the services. The attribute related to bird species within safe population
limits is used as a proxy for biodiversity levels and general health of the saltmarsh
habitat. Birds tend to be at higher levels of the food chain (Gregory et al. 2005) espe-
cially in estuarine and coastal habitats such as saltmarshes where they represent,
together with fish, the major groups of invertebrates (Boorman 2003). Therefore, birds
are particularly sensitive to environmental and land use changes, providing a good
indicator of general ecosystem quality and biodiversity (Fraixedas et al. 2020).
Moreover, bird species richness and diversity are used in the literature on valuation
and management of recreational ecosystem services because of the clear link with the
welfare benefits they provide (e.g. Luisetti et al. 2011; Faccioli, Font, and Figuerola
2015; Boeri et al. 2020). Considering that birds’ conservation is often instrumental to
the protection of saltmarsh habitats (Foster et al. 2013) and that the Deben Estuary is
a critical habitat for wintering and migratory species1, birds’ richness was judged to be
an appropriate proxy for biodiversity and environmental quality.
Table 2. Attributes and levels of the choice experiment.
Attribute Levels
Extent new saltmarsh created 10 ha, 30 ha, 50 ha, 70 ha
Number endangered bird species
reaching safe limits
2 species, 3 species, 4 species, 5 species
Location new saltmarsh
(distance from home)
Four levels between 10-80 miles
depending on residence area
Access new saltmarsh No, Yes
One-off council tax increase £3, £6, £9, £12
Journal of Environmental Planning and Management 7
A D-efficient Bayesian design (Ferrini and Scarpa 2007; Rose and Bliemer 2009)
with sequential update of priors was used to select 24 choice situations. Each respond-
ent was asked to make six repeated choices between two possible alternative saltmarsh
restoration projects and a status quo. Data were analyzed with a Multinomial Logit
model (MNL) (McFadden 1974; Hensher, Rose, and Greene 2005) and estimates sub-
sequently used to derive simulated exchange values2. An example choice card and the
results from the MNL model are reported in the Appendix.
The simulated exchange value (SEV) (Caparros, Campos, and Montero 2003,
Caparros et al. 2017) represents a flexible and informative approach to derive account-
consistent monetary estimates for non-marketed ecosystem services and can be particu-
larly useful when applied at the local scale. The application of the SEV in this
research consists of using demand functions estimated using the CE results to simulate
the entire recreation market for the Deben Estuary saltmarsh (demand, supply and
competitive environment), and an exchange-type value. In other words, an account-
consistent price for the recreation ecosystem service is derived that would be realistic-
ally implemented if a market existed for recreation in the Deben Estuary saltmarsh.
This is achieved considering that the CE ultimately estimates the probability that an
individual n chooses the alternative i (Hensher, Rose, and Greene 2005), that is the
probability that individual n is willing to pay a given amount of money for the provi-
sion of ecosystem services (in this case recreational service from saltmarsh) with given
characteristics. For the MNL model this can be written as:
Pni ¼ e
bxniP
ie
bxni
(1)
given the utility function:
Uni ¼ bxni þ eni ¼ bxni þ bppni þ eni (2)
where xni are the levels of attributes presented, pni the levels of payment vehicle, b
and bp the corresponding coefficients, and eni the error term.
The MNL probability can be used to derive the demand function for the extent of
saltmarsh at given price levels a pð Þ :
a pð Þ ¼ A
X
j
eb̂xnjP
ie
b̂xni
(3)
Therefore, a pð Þ depends on the current extent of saltmarsh in the Deben Estuary A
and the probability of choosing one of the alternatives proposed in the CE calculated
using estimated coefficients b̂x:
Assuming that each individual faces the same price (which can be a realistic
assumption considering that entrance fees are usually of fixed amount) and that the
market is in perfect competition (a realistic assumption considering the relevant num-
ber of other saltmarshes with similar characteristics in the same area), the demand can
be evaluated at the average value and/or current situation value of attribute levels x:
Equation (3) can be rearranged as:
ln
a
m A að Þ
 
¼ b̂xx þ b̂pp (4)
and the inverse demand function can be defined as:
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P að Þ ¼ p ¼ ln a=m A að Þ
 
b̂p
 b̂xx
b̂p
(5)
where m is the number of alternatives offered to respondents in the choice cards.
With perfect competition, the saltmarsh extent and the corresponding price in equi-
librium will implicitly be given by the intersection between the inverse demand curve
in Equation (5) and the marginal cost of saltmarsh provision:
ln a=m A að Þ 
b̂p
 b̂xx
b̂p
¼ c1 þ c2a (6)
If the cost of provision is fixed per unit of saltmarsh, or marginal costs are negli-
gible, or there is insufficient information to construct a reliable marginal cost curve,
Equation (6) reduces to:
a pð Þ ¼ A
X
Alt
eb̂xxAltP
ie
b̂xx i
 !
(7)
where only the predicted probabilities of choosing one of the alternatives offering new
saltmarsh provision are considered.
The SEV is, therefore, obtained by following sequential steps in the development
and analysis of the CE. First, the choice of attributes and levels was informed by the
linking of saltmarsh condition, provision of recreational services and subsequent valu-
ation. After collecting CE observational data, appropriate models were employed (in this
case MNL) to estimate the coefficients of each attribute (the b̂x in Equations (3)–(7)).
Based on the estimated coefficients, predicted choice probabilities were simulated for
each alternative at different levels of the council tax increase while keeping fixed the
values of other attributes to predefined (policy) scenarios. For example, in a policy scen-
ario where the current extent of saltmarsh is preserved without additional improvements,
attributes for newly created area and bird species were set to be zero whilst keeping the
possibility to access the saltmarsh. This step allowed the simulation of the demand curve
for saltmarsh area in the Deben. The same process was followed to identify the equilib-
rium quantity of saltmarsh for recreational use purposes in Equation (7). In this case,
considering the assumption of zero marginal costs for providing additional saltmarsh
area and the current situation where no increase in council tax is required, a single equi-
librium quantity of the area demanded was determined and the corresponding SEV could
be derived by substituting it into the demand function in Equation (6).
4. Results
4.1. Fast track approaches in the Deben estuary
In this Section, fast track approaches identified in Section 3.2 are used to derive
accounting values for the Deben Estuary saltmarsh. To allow for increased comparabil-
ity, only applications developed in the United Kingdom are considered in our fast track
measurement of the Deben Estuary.
Starting with national scale applications, the simple travel cost approach found in
ONS (2019, 2016) results in a value per visit estimated to be £1.60 in 2017, whilst the
value in Thornton et al. (2019) is equal to £3.70 per visit to the marine environment.
The meta-analysis function in Sen et al. (2014) is based on revealed and stated
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preferences studies and provides a value of roughly £3 per visit for recreation associ-
ated with coastal and marine habitats. This is used in Sunderland et al. (2019) to
derive an accounting value for recreational services of national natural reserves, includ-
ing coastal reserves, equal to £329 per hectare/year. In local level applications, the
approach in Clark (2017) of averaging entrance fees data from other managed reserves
results in a value of £3.40 per visit and an annual accounting recreational value of £65
per hectare for the East of England marshes. Finally, the estimation of recreational
services from the Oare saltmarsh (EA 2013) equals to £110 per hectare.
Table 3 summarizes the recreational values found in fast track NCA applications
and the annual value that would be obtained if those values were used for the Deben
Estuary. Where values are per visit, an estimation of 160,000 annual recreational visits
to the Deben is used in calculating the annual value; where values are expressed per
hectare, a conservative estimate of 150 hectares of saltmarsh in the Deben is used.
It is clear from Table 3 that the variety of approaches used in valuing the recre-
ational benefits of saltmarshes results in substantial variability in the values estimated
across studies. This variability persists even across applications adopting the same
valuation methodology. Moreover, the estimated values appear to be sensitive with
respect to the number of visits and the extent of the saltmarsh; therefore propagating
uncertainty if robust local information is lacking, as in the case of the Deben Estuary.
4.2. Simulated exchange value in the deben estuary
Figure 1 shows the simulated demand function and the equilibrium saltmarsh extent
demanded in the Deben Estuary with the corresponding simulated value. The values
obtained mirror the current situation of the Deben saltmarsh in the absence of restor-
ation policies aimed at increasing its extent. In other words, Figure 1 is related to the
base-case policy of maintaining and restoring the current extent of saltmarsh and can
be viewed as a hold-the-line scenario. The simulated value of one marginal hectare of
saltmarsh in the Deben Estuary is equal to £24.8. In equilibrium, the extent of salt-
marsh demanded is 59.2 ha. Given the uncertainty of the current extent of saltmarsh in
the Deben, these values are based on the assumption that the total hectares are 150.
Moreover, the values obtained consider the possibility that the restored saltmarsh can
be accessed, attempting to isolate the direct use value attached by respondents. The
estimated value also explicitly considers the different distances between the saltmarsh
and the location where respondents live.
Table 3. A comparison of applications on accounting for saltmarsh recreational value.
Application Method Scale Value
Value Deben
Estuary
ONS, 2016, 2019; Ricardo
Energy and Environment 2016
Simple travel cost National 1.60 £/visit £256,000
Thornton et al. 2019 Simple travel cost National 3.70 £/visit £592,000
Sen et al. 2014 (White
et al. 2015; Eftec 2015)
Meta-analysis National 3.00 £/visit £480,000
Sunderland et al. 2019
(from Sen et al. 2014)
Meta-analysis National/
Local
329.00 £/ha £49,350
Clark 2017 Entrance fees Local 65.00 £/ha £9,750
EA 2018 Avoided cost Local 110.00 £/ha £16,500
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An important point is related to the capacity of SEV to consider the specific bio-
physical characterization of the saltmarsh under scrutiny. In the base-case scenario pre-
sented, this characterization is defined by the accessibility, the distance, and the
current extent. The flexibility of CEs, and the combined use of the SEV approach,
allows the analysis to deepen the characterization of the linkage between biophysical
characteristics and monetary values. At the same time, this explicitly considers differ-
ent policy scenarios and how they impact the monetary values. The approach proposed
can therefore capture local features linking ecosystem biophysical characteristics, mon-
etary valuation and socio-demographic context. This integration is, ultimately, what
NCA frameworks advocate and is lost when fast track approaches are employed.
To clarify this point further, two other possible policy scenarios are considered.
The first relates to the implementation of a restoration project that would result in an
increase of the saltmarsh area compared to current extent. This is summarized in
Figure 2, where the SEV is estimated for three different restoration scenarios.
The simulated value of one marginal hectare of saltmarsh in the Deben Estuary
under the policy decision to implement a more structured restoration action (e.g. a
managed realignment or a beneficial use of dredged material) is equal to £26.0 if the
policy target is to restore an additional 20 ha, £27.9 if 50 ha are restored, and to £31.8
if 100 ha are restored.
The second policy scenario relates to the protection of biodiversity in the Estuary.
This case is particularly enlightening when comparing a fast track and a more struc-
tured approach in developing NCA at the local level. Indeed, in a fast track approach
the monetary value of recreational use of saltmarsh (therefore, the account-consistent
value for cultural services) cannot internalize the quality and condition of the ecosys-
tem, in this case the level of biodiversity of the saltmarsh in the Deben, as the value
employed would likely be transferred from the national level or other area accounts. A
SEV approach allows this internalization, as shown in Figure 3. In this case, the scen-
ario considers a policy action aimed at preserving the number of wintering birds in
the Deben.
The simulated value of one marginal hectare of saltmarsh in the Deben Estuary
under the policy decision to preserve biodiversity, in this case wintering bird species,
is equal to £28.3 if the policy target is to protect three species and to £30.8 in case of
Figure 1. Simulated demand function and equilibrium values for the Deben Estuary saltmarsh.
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five species protected. Several other policy options and their combinations based on
the attributes included in the CE could be assessed by using the same approach.
5. Policy implications, discussion and conclusions
This research aims to explore the use of a SEV approach to estimate ecosystem serv-
ices values consistent with accounting frameworks, and its advantages over currently
used approaches in the context of local level applications, with a particular focus on
recreational benefits provided by saltmarshes. Results outlined in the previous section
Figure 2. Simulated demand and equilibrium values for restoration scenarios.
Figure 3. Simulated demand and equilibrium values for bird protection scenarios.
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highlight how several different approaches are used in ecosystem services accounting.
Some of the approaches, defined here as fast track, suffer from critical limitations
when used in local level applications. Therefore, alternative and more targeted
approaches such as the SEV can lead to an improvement in NCA development.
Without considering the inherent complexity of valuing and accounting for recreational
services (Fish et al. 2016; Barton et al. 2019), some considerations can be drawn more
generally on the development of local-level NCAs. The main issue with currently used
approaches relates to the inability to characterize the linkages between specific small-
scale level ecosystem conditions, provision of ecosystem services and monetary
valuation. In other words, the use of a top-down approach with averaged country wide
figures for economic valuation and accounting, even when consistent with exchange
value interpretations, does not represent a robust scaling down because it does not
reflect local circumstances. This inevitably reflects on the robustness of NCAs and, in
turn, on their credibility for use in decision making. A SEV approach overcomes this
problem due to its capacity to include biophysical characteristics of the asset providing
ecosystem services, thus directly conveying specific local ecosystem features into a
valuation method coherent with exchange value interpretation. Moreover, expanding
the suite of methodological approaches that is possible to use for NCA allows for the
possibility to record a wider range of non-marketed ecosystem transactions, broadening
the scope of NCA through improved precision and completeness.
This has several policy implications and advantages over fast track approaches,
particularly at the local scale. Local land use planning can benefit from better and
more comprehensive information contained in NCA, in order to inform the adoption of
restoration and conservation policies by assessing the tradeoffs between environmental
priorities and other socio-economic activities. For example, in the case of the Deben
Estuary, it would be possible to compare the value attached to alternative management
scenarios by considering tradeoffs between restoration of saltmarsh areas and loss of
grazing or agricultural land. Also, it would be possible to assess tradeoffs between the
specific attributes of a restoration policy, for example increasing the extent of salt-
marsh versus preserving biodiversity of bird species. Moreover, estimates from the
SEV are exchange values akin to and directly comparable with, for example, capital
costs of implementing a restoration policy, revenues from agriculture, tourism expend-
iture, etc., thus allowing more structured cross-sectoral local policy decision making.
In the context of local government NCA development, a relevant advantage of the
SEV approach relates to internalizing ecosystem characteristics and conditions. In the
case study presented in this research, the characteristics internalized are the level of
biodiversity, the saltmarsh extent, the possibility to access the area and the spatial rela-
tionship with the wider region. The characteristics and conditions that can be internal-
ized are varied and depend on the specific context. This has at least two main
implications for local policy makers. Firstly, more targeted NCAs that encompass local
circumstances and policy needs would inform policy makers in a more reliable, con-
sistent and credible manner. Secondly, changes in ecosystem conditions could be
promptly translated into monetary valuation and NCAs, allowing for more rapid policy
response and fine-tuning.
A better-informed local policy through approaches such as the SEV can, in turn,
foster environmental and social gains. In the case of the Deben Estuary, accounting-
consistent measures of the value of recreational services which consider local specific-
ities and can be directly compared with the costs of alternative management options,
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would serve as solid evidence for cost-benefit analyses and prospective funding models
that are integral to the implementation of the Deben maintenance and restoration plan
(Allam et al. 2015). This would primarily help to support the preservation of a habitat
of high ecological value for endangered biodiversity, representing a substantial return
to nature. Maintained or improved provision of ecosystem services crucial for the area,
such as natural flood protection and recreational services, would ensure the sustained
development of local economic activities (agriculture, marine industries, fisheries and
tourism) while conserving the heritage and cultural value for the local population. A
comprehensive assessment of the plural (monetary and non-monetary) values stemming
from the sustainable management of the Deben saltmarsh, toward which the SEV
would contribute, could be achieved using natural capital accounting approaches such
as the Complementary Accounts Network (CAN, Turner, Badura, and Ferrini 2019b).
A CAN-type approach, indeed, represents a flexible tool to address specific policy
options which takes into account monetary as well as non-monetary values and accom-
modates diverse data and methods.
Other advantages of the SEV approach at the local level stem from the data collec-
tion process. Indeed, SEV makes efficient use of data from stated preference surveys
expanding the set of information and values obtained, thus widening the available pol-
icy relevant evidence. Furthermore, the underlying stated preference study can be
administered on targeted residents in the area who are the main beneficiaries of eco-
system services provision. The estimated values reflect local stakeholders’ preferences
and have the potential to reconcile service supply and use. Finally, the coherence of
SEV-derived exchange values and the different geographical scales it can cover have
implications for the scalability of NCAs, at least for some selected ecosystem services.
Whilst the SEV is considered more appropriate than fast track approaches in this
case study and, in general, in situations where recreational services from open access
ecosystems are examined, its application might be limited in other cases. The SEV is
based on assumptions about the institutional market setting (e.g. perfect competition)
that might be inappropriate when dealing with the provision of other ecosystem serv-
ices. In our case, the assumption of a competitive setting in the provision of recre-
ational services from saltmarshes is based on the existence of several, similar
saltmarshes close to the Deben. This assumption might not be justifiable in other
cases. Strictly related is the assumption on the marginal costs determining the shape of
the supply curve. In many instances, including this case study, it can be reasonable to
assume that the cost of providing the service is fixed and that marginal costs are negli-
gible, for example when the ecosystem providing recreational services is open access
with low or null management and maintenance costs. This assumption, again, might
not hold for other services. In those cases, it might not be possible to simulate a sup-
ply curve. Also, ideally if the full set of ecosystems services management costs are
known, the accounting tables could directly use those costs to proxy a market value.
Finally, the quality of the underlying CE data is relevant for SEV, which could limit
its generalized application in particular for ecosystem services with scientific uncer-
tainty around links between biophysical condition of the asset and service provision.
In conclusion, this paper demonstrates that more spatially targeted approaches to
valuation for ecosystem accounting at the local level present several advantages over
currently used approaches for informing policy makers. Approaches able to consider
specific local environmental features and conditions have the potential to make
accounts more reliable and robust, with subsequent increased uptake from policy
14 G. Grilli et al.
makers in real-world decisions. More research is needed to broaden simulated
exchange value applicability within accounting frameworks, but the SEV offers a
promising approach for bridging accounts at different scales and expanding the set of
ecosystem values to be included in natural capital accounts.
Notes
1. The Deben Estuary contains a Special Protection Area (SPA), Sites of Special Scientific
Interest (SSSI) (Deben Estuary, Ferry Cliff and Ramsholt Cliff) and a Ramsar site. The
Deben Estuary SPA, SSSI and Ramsar designations have been assigned to protect a number
of bird species, including, but not limited to, overwintering Avocet (Recurvirostra avosetta)
and Dark-bellied Brent Geese (Branta bernicla bernicla), as well as other important
migratory bird species that includes 8 species classified as endangered by the Wetland Bird
Survey (i.e. have a Birds of Conservation Concern status of amber or red, primarily due to
historic declines in population numbers) (Mason, Excell, and Meyer 2013).
2. The analysis was performed using R software (R Core Team 2020) and the R package
apollo (Hess and Palma 2019b).
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Appendix
Figure A.1 shows an example choice card presented to respondents in the choice experiment survey.
The Table A.1 summarizes the results from the MNL model that are used in the SEV approach.
Table A.1. Choice experiment results.
Attribute Coefficient Std Err
Status Quo ASC 0.276 0.223
Area 0.006 0.001
Bird species - three 0.129 0.080
Bird species - four 0.320 0.088
Bird species - five 0.417 0.089
Distance 0.005 0.002
Public access 0.838 0.061
Council tax 0.079 0.009
N 417
Log-Likelihood 2528.17
Figure A.1. Example choice card used in the choice experiment.
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